Abstract
Introduction

46
Biofilms are communities of microorganisms attached to surfaces and/or each other, and are 47 formed by bacteria in response to specific environmental signals (1-4). These signals can range from 48 small molecules to physical surface detection, and induce the production of biofilm matrices that contain 49 a complex array of molecular components. Notably, polysaccharides are prominent matrix components 50 that promote cell-cell and cell-surface attachment, and contribute to protection from environmental 51 stressors such as antibiotics and host defense molecules (5-7).
52
Calcium is one small-molecule signal that controls biofilm formation in multiple bacterial 53 species. Calcium affects biofilm formation through diverse mechanisms, either negatively (e.g., in
54
Staphylococcus aureus (8) and Vibrio cholerae (9)) or positively (e.g., in Xylella fastidiosa (10); (Table 1) , and, as seen 106 previously (16), some slight colony architecture by wild-type strain ES114, relative to the absence of 107 calcium ( Fig. 2A) . In other cases, however, the impact was striking: the same rscS ++ strain (KV7655) 108 produced robust pellicles in static liquid culture only in the presence of calcium ( 
111
While ES114 grows as a fully turbid culture in the presence of calcium under these conditions, the rscS ++ 112 strain exhibited two distinct biofilm phenotypes: a ring around the test tube surface above the top of the 113 liquid (in the "splash zone"), and a cohesive cellular clump at the bottom of the tube (Fig. 2C) produced substantially less polysaccharide than the single binK mutant alone (Fig. 5A ).
162
These data suggested that both SYP and cellulose polysaccharides contribute to the biofilm 163 phenotypes observed under these conditions. Indeed, disrupting both syp and bcs ( binK sypK bcsA)
164
prevented production of both rings and clumps by the binK mutant (Fig. 5A ). In fact, the phenotype of the 165 triple mutant was similar to cultures grown in the absence of calcium (Fig. 5A) . Each of the two 166 phenotypes could be restored, separately, to the triple mutant by complementation with the appropriate 167 syp or bcs gene (Supplemental Fig. S4A & B) . In addition, we observed similar biofilm defects when we 168 assayed syp and bcs mutants in an RscS overexpressing strain (Supplemental Fig. S4C ). 
364
Materials and Methods
365
Strains and Media. V. fischeri strains, plasmids, and primers used in this study are listed in Tables 1, 2,   366 and Supplemental the OD 600 was measured using a Synergy H1 microplate reader (BioTek). The data were compiled from at 422 least three independent samples. Statistical analysis was performed using a one-way ANOVA.
423
Wrinkled Colony assay. V. fischeri strains were grown overnight at 28°C in LBS with antibiotics when 424 necessary for plasmid maintenance. The overnight cultures were subcultured 1:100, grown until mid-log 425 phase, and diluted to an OD 600 of 0.2. 10 μl aliquots were spotted onto LBS agar, supplemented with 426 antibiotics or calcium chloride as indicated. Spots were imaged at the indicated times, using consistent colonies were disturbed with a toothpick to assess cohesiveness as a measure of SYP-PS production (38).
429
Photos are representative of at least three independent experiments.
were diluted to an OD 600 of 0.2 in 2ml of LBS media supplemented with calcium chloride as indicated.
432
Pellicles were incubated statically at 24°C, and imaged at indicated times, using consistent magnification, 
